Studies of gene expression following fear conditioning have demonstrated that the inducible transcription factor, egr-1, is increased in the lateral nucleus of the amygdala shortly following fear conditioning. These studies suggest that egr-1 and its protein product Egr-1 in the amygdala are important for learning and memory of fear. To directly test this hypothesis, an egr-1 antisense oligodeoxynucleotide (antisense-ODN) was injected bilaterally into the amygdala prior to contextual fear conditioning. The antisense-ODN reduced Egr-1 protein in the amygdala and interfered with fear conditioning. A 250-pmole dose produced an 11% decrease in Egr-1 protein and reduced long-term memory of fear as measured by freezing in a retention test 24 h after conditioning, but left shock-induced freezing intact. A larger 500-pmole dose produced a 25% reduction in Egr-1 protein and significantly decreased both freezing immediately following conditioning and freezing in the retention test. A nonsense-ODN had no effect on postshock or retention test freezing. In addition, 500 pmole of antisense-ODN infused prior to the retention test in previously trained rats did not reduce freezing, indicating that antisense-ODN did not suppress conditioned fear behavior. Finally, rats infused with 500 pmole of antisense-ODN displayed unconditioned fear to a predator odor, demonstrating that unconditioned freezing was unaffected by the antisense-ODN. The data indicate that the egr-1 antisense-ODN interferes with learning and memory processes of fear without affecting freezing behavior and suggests that the inducible transcription factor Egr-1 within the amygdala plays important functions in long-term learning and memory of fear.
The amygdala has been known for many years to be important for emotional behavior (Kluver and Bucy 1939) . In the last 20 years, lesion, stimulation, drug, and recording studies have demonstrated that the lateral, basal, and central nuclei of the amygdala are critically involved in the learning and memory of fear conditioning. The lateral nucleus receives much of the sensory input from thalamic and cortical sources and sends direct and indirect (via the basal nucleus) projections to the central nucleus of the amygdala. The central nucleus generates an orchestrated fear response (Davis 1992; Rosen and Schulkin 1998; LeDoux 2000) .
Although the anatomical circuitry within the amygdala involved in fear conditioning is fairly well delineated, the molecular mechanisms participating in learning and memory of fear within these nuclei are just beginning to be elucidated. Calcium influx via N-methyl-D-aspartate (NMDA) glutamate and voltagegated calcium channels are important for initiation of cellular events that lead to changes involved in neuronal plasticity (Platenik et al. 2000) . NMDA and voltage-gated calcium channel antagonists infused into the amygdala block fear conditioning and fear behavior (Miserendino et al. 1990; Campeau et al. 1992; Fanselow and Kim 1994; Maren et al. 1996; Gewirtz and Davis 1997; Fendt 2001; Lee et al. 2001; Bauer et al. 2002) . Constitutive kinases and phosphorylated proteins (e.g., CREB, PKA, PKC, and MAPK/ERK) regulated by calcium act throughout the neuron to modulate excitability and transcriptional processes involved in fear conditioning (Impey et al. 1998; . For example, mice with deletions of the CREB or MAPK gene show deficits in long-term memory for fear (Bourtchouladze et al. 1994; Atkins et al. 1998; Selcher et al. 2001) . Furthermore, blockade of protein kinase A and C in the amygdala, which phosphorylates CREB among many other phosphoproteins, disrupts long-term memory of fear conditioning (Abel et al. 1997; Goosens et al. 2000; Howe et al. 2002; Moita et al. 2002) . Finally, overexpression of CREB in the amygdala by injection of CREB in an adenoviral vector facilitates learning and memory of fear conditioning (Josselyn et al. 2001) .
In addition to signal transduction and constitutive transcription factors, inducible transcription factors act as transcriptional switches to facilitate or inhibit transcription of other genes involved in synaptic plasticity (Goelet et al. 1986; Lisman and Fallon 1999) , and may play a role in long-term memory processes of fear conditioning. Recent studies have demonstrated that the inducible-transcription factor, early-growth-response-1 gene (egr-1; also called zif268, ngfi-a, krox24, and tis-8) , is rapidly induced in the lateral nucleus of the amygdala following fear conditioning Hall et al. 2000; Malkani and Rosen 2000b; Ressler et al. 2002) . Induction of egr-1 in the amygdala is particularly interesting because pharmacologically antagonizing NMDA receptors or inhibiting PKA or PKC was shown to interfere with long-term memory of fear conditioning and inhibit the induction of egr-1 in the lateral nucleus of the amygdala induced by fear conditioning (Malkani and Rosen 2001; S. Malkani, M.P. Donley, and J.B. Rosen, unpubl.) . Furthermore, administration of the antianxiety medication, diazepam, also disrupts fear conditioning and blocks the induction of egr-1 in the lateral nucleus (Malkani and Rosen 2000a) . These correlational data indirectly suggest that expression of egr-1 in the amygdala plays an important role in regulating learning and memory processes during fear conditioning. To directly test whether egr-1 in the amygdala is important for fear conditioning, the present study describes a number of experiments demonstrating that administration of an egr-1 antisense oligodeoxynucleotide (antisense-ODN) into the amygdala interferes with contextual fear conditioning.
RESULTS

Cannula Placements
Fifteen rats lost their cannulae before completing their experiment and were not included in the analyses. The tips of most of the cannulae in rats completing the procedures were found in the lateral or basal nuclei of the amygdala. A few were slightly ventral to the basal nucleus, in the central nucleus, or on the interface between the amygdala and the adjacent cortex (Fig. 1) . Because there were no systematic differences in behavior with the various placements, behavioral data from all of these rats were used in the analyses. It also suggests that the infusions spread throughout most of the amygdala and localization to a specific nucleus could not be established.
Experiment 1: egr-1 Antisense-ODN Blocked Fear Conditioning
The effects of the egr-1 antisense-ODN given 90 min before fear conditioning are presented in Figure 2 . In all groups, postshock freezing was significantly greater than was retention test freezing (F 1,44 = 54.48, P Յ 0.0001). There was also a significant effect of antisense-ODN treatment (F 4,44 = 11.69, P Յ 0.0001). Post-hoc analysis revealed a significant decrease in both postshock and retention test freezing of the 500-pmole dose of egr-1 antisense-ODN compared with all other groups (P Յ 0.027). A significant interaction between the groups and time of testing (F 4,4 = 2.80, P Յ 0.037) was also found. Post-hoc analysis between the 250-pmole antisense-ODN and PBS groups revealed a significant effect of 250 pmole antisense-ODN on retention test freezing without an effect on postshock freezing. This suggests that 250 pmole antisense-ODN produced a specific deficit in retention of fear conditioning.
In summary, the egr-1 antisense-ODN injected into the amygdala had a dose-dependent effect on fear-induced freezing following fear conditioning. The 250-pmole dose impaired longterm memory of conditioned fear without disturbing freezing during the postshock period. The 500-pmole dose disrupted freezing for both acquisition and retention of fear conditioning.
Because the 500-pmole dose of the egr-1 antisense-ODN had a greater effect on freezing, 500 pmole of the antisense-ODN and nonsense-ODN were further tested to determine if the behavior effects were due to disruption of freezing behavior and not to learning and memory processes.
No Effect of egr-1 Antisense-ODN on Shock Responsivity
As shown in Figure 3 , analysis of the rats' responses to the footshock as measured by displacement of the testing chamber during the 1-sec shock found no differences between the PBS, 500 pmole of nonsense-ODN, or 500 pmole of egr-1 antisense-ODN (F 2,29 = 0.55, P = ns). The data indicate that the egr-1 antisense-ODN did not produce a differential immediate behavioral response to footshock.
Experiment 2: Lack of an Effect of egr-1 Antisense-ODN Freezing in Retention Test
The results of Experiment 1 suggest that egr-1 antisense-ODN given before training effectively blocked long-term memory of fear conditioning. The 500-pmole dose also blocked postshock freezing, suggesting that in addition to interfering with conditioning processes, the antisense-ODN at this dose disrupted performance of freezing behavior. Experiment 2 was designed to test whether the antisense-ODN interfered with performance of conditioned freezing behavior. Rats were trained normally without Figure 1 Cannula placements in the amygdala of rats given bilateral antisense-ODN, nonsense-ODN, and PBS infusions. Schematic diagrams of coronal brain sections at different levels posterior from Bregma are from Paxinos and Watson (1998) . Upper left set of diagrams shows location of lateral (LA) basal (BA), and central (CE) nuclei of the amygdala. Each circle in the other sets of diagrams represents the tip of one cannula. antisense-ODN but tested for retention 90 min after receiving 500 pmole antisense-ODN or PBS infusions. As shown in Figure  4 , there were no differences between PBS and antisense-ODN freezing (ODN treatment main effect: F 1,12 = 1.39, P = ns). As in Experiment 1, rats displayed less freezing during the retention test than during the postshock period (F 1,12 = 14.68, P < 0.02), but this reduction of retention test freezing did not differ between the PBS and antisense-ODN groups (no ODN treatment ‫ן‬ test time interaction: F 1,12 = 1.40, P = ns). These data demonstrate that egr-1 antisense-ODN does not disrupt the performance of the conditioned freezing response.
Experiment 3: Lack of an Effect of egr-1 Antisense-ODN on Retention Test Freezing When Given 24 h After Fear Conditioning and Before Retention Testing
Reduction in freezing behavior in the retention test found in Experiment 1 could be due to a long-lasting pharmacological effect of the egr-1 antisense-ODN remaining >24 h and therefore reducing freezing during retention. To test this hypothesis, rats were bilaterally administered 500 pmole egr-1 antisense-ODN 24 h after fear conditioning and then tested for retention 24 h after the injections (the retention test was 48 h after conditioning). As shown in Figure 5 , the egr-1 antisense-ODN had no effect on freezing in the retention test. ANOVA demonstrated that postshock freezing was significantly greater than was retention test freezing (F 1,10 = 10.89, P < 0.008), but there was not a difference between the two groups (F 1,10 = 1.12, P = ns) or a significant group by time of testing interaction (F 1,10 = 1.12, P = ns). The results indicate that the decrease of retention test freezing in Experiment 1 is due to a reduction in long-term memory of contextual fear conditioning.
Experiment 4: Lack of an Effect of egr-1 Antisense-ODN on Unconditioned Freezing to Predator Odor
To further examine if egr-1 antisense-ODN interfered with freezing, an unconditioned fear test was examined by exposing rats to the predator odor trimethylthiazoline (TMT). Both the antisenseand nonsense-ODN rats displayed significantly more freezing during TMT exposure compared with freezing before TMT exposure (F 1,4 = 30.22, P < 0.005; Fig. 6 ). The percentage of time spent freezing before exposure to TMT or during TMT exposure did not differ between the antisense-and nonsense-ODN groups (F 1,4 = 0.42, P = ns). These results demonstrate that unconditioned freezing behavior is not disrupted by egr-1 antisense-ODN injections in the amygdala.
Experiment 5: egr-1 Antisense-ODN Reduced Egr-1 Protein Levels in the Amygdala
Both the 250-and 500-pmole doses of the antisense-ODN decreased the amount of Egr-1 protein in the amygdala, indicating 
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www.learnmem.org that synthesis of Egr-1 was reduced (Fig. 7) . Optical density analysis of protein extracted from tissue punches of the lateral nucleus of the amygdala revealed an 11% and 25% decrease in the levels of Egr-1 protein in rats given 250 and 500 pmole of egr-1 antisense-ODN, respectively, compared with rats receiving the same doses of nonsense-ODN. A two-factor ANOVA found a significant main effect of the antisense-ODN (F 1,47 = 9.89, P < 0.003) but no dose (F 1,47 = 1.95, P = ns) or interaction (F 1,47 = 1.39, P = ns) effect, indicating that the egr-1 antisense-ODN effectively reduced Egr-1 protein in the amygdala.
DISCUSSION
Previous correlational studies demonstrated that egr-1 mRNA expression in the lateral nucleus of the amygdala increases shortly following fear conditioning Hall et al. 2000; Malkani and Rosen 2000b; Ressler et al. 2002) . Because the increase was specific for fear conditioning and not just a response to footshock Malkani and Rosen 2000b) , we hypothesized that induced egr-1 mRNA expression and its protein product, Egr-1, in the lateral nucleus play a role as a transcription factor in long-term memory mechanisms of fear conditioning Malkani and Rosen 2000b) . The results of the present study confirm this hypothesis. Injections of an egr-1 antisense-ODN into the amygdala, given before fear conditioning, reduced the expression of Egr-1 protein and dosedependently blocked fear conditioning as measured by fearinduced freezing. The results add to a growing body of literature suggesting that egr-1 expression plays an important role as a transcriptional switch in learning and memory processes in a variety of learning paradigms in several species (O'Donovan et al. 1999; Davis et al. 2003) .
The inclusion of a nonsense-ODN that had the same deoxynucleotides as the antisense-ODN but in a scrambled order and the use of end-capped ODNs were important variables for the present experiments. The lack of effects of the nonsense-ODN demonstrates that the disruption in fear conditioning by the egr-1 antisense-ODN was specific to the antisense sequence. As shown in the present and several other studies, end-capped phosphorothiolated antisense-ODNs can have specific effects on cellular and behavioral processes without the toxicity found with fully phosphothiolated ODNs (Hebb and Robertson 1997; Szklarczyk and Kaczmarek 1997; Chiasson et al. 1998; Kalra and Kalra 2000; Guzowski 2002; Van Oekelen et al. 2003) . For egr-1 antisense-ODN, this apparently is very important because a fully phosphorothiolated egr-1 nonsense-ODN can disrupt neuronal function, as shown by electrophysiological recordings and longterm potentiation in hippocampal slices (Abraham et al. 1997) .
The effects of the antisense-ODN on freezing were not due to an alteration in responsivity to footshock or an inability to freeze. More importantly, our data suggest that the effects of egr-1 antisense-ODN were due to a disruption of learning and memory processes. The lack of an effect on freezing behavior when the antisense-ODN was infused 90 min or 24 h prior to the retention test also demonstrates that the ability to freeze was not compromised. Further, antisense-ODN rats tested for unconditioned freezing to a predator odor, TMT, also froze at the same levels as nonsense-ODN rats. Freezing to a single exposure to TMT is likely a result of the properties of TMT as an unconditioned fear and aversive stimulus (Wallace and Rosen 2000; Blanchard et al. 2003) . Importantly, the robust reduction in fear conditioning and retention coupled with a lack of an effect on conditioned and unconditioned freezing suggests that the effects of the egr-1 antisense-ODN are specific to learning and memory components of fear-induced freezing and not to disruption of freezing behavior per se.
The dose-response effects on both protein levels of Egr-1 and postshock freezing suggest that conditioning processes critical for long-term memory are more sensitive to interference of egr-1 than those involved in postshock freezing. A robust disruption in long-term memory, but a small 11% decrease in Egr-1 protein produced by the 250-pmole egr-1 antisense-ODN dose indicates that only a minor perturbation in Egr-1 in the amygdala can have considerable effects on behavior. Behaviorally, the effects of the 250-pmole dose are similar to a number of other pharmacological agents (i.e., diazepam, AP-5, Rp-cAMPs, chelerythrine) that both inhibit the fear-conditioning-induced increase in egr-1 in the lateral nucleus of the amygdala and block long-term memory but not immediate postshock freezing (Malkani and Rosen 2000a; Malkani and Rosen 2001 ; S. Malkani, M.P. Donley, and J.B. Rosen, unpubl.). The common effects of these agents may be through a blockade of new synthesis of Egr-1. The 11% reduction in Egr-1 protein with the 250-pmole antisense-ODN dose may be sufficient to interfere with synthesis of Egr-1 induced by fear conditioning that is involved in long-term memory formation or consolidation. In contrast, the higher 500-pmole dose of egr-1 antisense-ODN may block processes involved in freezing in the postshock period, such as forming a representation of the context and/or processing unconditioned stimulus information (Fanselow 1986 (Fanselow , 1990 Lattal and Abel 2001; Rudy and O'Reilly 2001) , by reducing constitutive Egr-1 levels in the amygdala. In this regard, constitutive or basal levels of Egr-1 are relatively robust in the lateral nucleus of the amygdala and may play a role in functions of the amygdala not explicitly connected to long-term memory formation, but do disrupt postshock freezing. It is also possible that high doses of this egr-1 antisense-ODN alter expression of other inducible transcription factors, such as c-fos (Hebb and Robertson 1997) , to produce nonspecific effects that inter- Graphic representation of decrease in Egr-1 protein in the amygdala produced by 250 and 500 pmole of egr-1 antisense-ODN. A statistically significant effect of the antisense-ODN was found (P < 0.003), whereas there was no effect of dose nor an ODN x dose interaction.
fere with postshock freezing. Experimental methods to compare constitutive and learning induced expression of egr-1 mRNA (Guzowski 2002 ) and changes in levels of Egr-1 and other proteins following conditioning may further help to elucidate the temporal and functional role of egr-1 in different phases of fear conditioning.
The role of egr-1 in long-term memory processes has been demonstrated in a number of learning paradigms with egr-1 knockout mice (Jones et al. 2001; Bozon et al. 2002 Bozon et al. , 2003 . One interesting study found that egr-1 may be involved in reconsolidation of object recognition . A recent report also found reconsolidation of contextual fear disrupted by interfering with Egr-1 protein expression in the hippocampus (Lee et al. 2004) . Hippocampal infusion of the same egr-1 antisense-ODN that was used in the present study disrupted reconsolidation, but not conditioning, short-term memory or long-term retrieval of contextual fear (Lee et al. 2004 ). Thus, reduction of Egr-1 protein in the amygdala and hippocampus appears to have differential effects on fear conditioning but not on retrieval of fear. Although reconsolidation was not tested in the present study, expression of egr-1 in the amygdala is not induced following retrieval in our contextual fear paradigm Malkani and Rosen 2000b) but may be induced following retrieval of cue-specific fear (Hall et al. 2001) , suggesting that egr-1 in the amygdala may not be involved in reconsolidation of contextual fear as it is in the hippocampus. Direct testing of the role of amygdala egr-1 in reconsolidation of contextual and cue-specific fear is warranted and may demonstrate interesting differences in the function of egr-1 in the amygdala and hippocampus during different types of fear conditioning and reconsolidation processes.
In conclusion, blocking the synthesis of Egr-1 protein in the amygdala provides strong support for a role of egr-1 gene in fear conditioning and complements findings found in correlational studies of egr-1 expression in the amygdala Hall et al. 2000; Malkani and Rosen 2000b; Ressler et al. 2002) . It will be critical to elucidate the specific role for egr-1 in long-term or short-term effects of conditioning. Moreover, although egr-1 is not the only transcription factor involved in learning and memory , it regulates some interesting target genes and processes in a variety of biological systems. These include synapsin, acetylcholine, peptide, neuroendocrine, growth, and apoptotic genes (Thiel et al. 1994; Petersohn et al. 1995; Lee et al. 1996; Criado et al. 1997; Silverman et al. 1998; Rolli et al. 1999; Silverman and Collins 1999; Svaren et al. 2000; Thiel and Cibelli 2002; Virolle et al. 2003) . Continued study of egr-1 and its role in regulation of cellular processes will contribute to a fuller understanding of the cellular and molecular nature of learning and memory.
MATERIALS AND METHODS
Subjects and Surgery
One hundred forty-one male Sprague-Dawley rats (Harlan, Indianapolis, IN) weighing 250-300 g at surgery were used in these experiments. The rats were maintained on a 12-h light/12-h dark cycle, and food and water were continuously available. All testing was done during the light cycle. The University of Delaware Institutional Animal Care and Use Committee approved all experiments.
Animals were anesthetized with a ketamine/xylazine mixture (100 mg/6.7 mg per kg, intraperitoneal). Twenty-two-gauge stainless steel guide cannulae (Plastic Products) were stereotaxically implanted bilaterally into the basolateral complex of the amygdala (coordinates were 2.6 mm posterior to bregma, 4.9 mm lateral to midline, and 7.0 mm ventral to the surface of the skull). Stainless steel screws and dental acrylic held the cannulae in place. A 28-gauge obturator 1 mm longer than the guide cannula was inserted into the guide when not in use. All rats were allowed to recover from surgery for 2 weeks. During this time, rats were brought to the laboratory and handled daily for 4 to 5 min each.
Apparatus
Plexiglas cylindrical chambers (8.6-cm diameter, 20 cm long, SRLab animal enclosure, San Diego Instruments) were used for training and testing of contextual fear conditioning. Plexiglas doors dropped into slots at each end of the cylinder kept the rat in the chamber. The rat was confined, but not restrained, and could move and turn around in the chamber, but when not turning, they faced one of the two doors. A grid floor (San Diego Instruments) consisting of seven parallel stainless steel rods measuring 4 mm in diameter and spaced 1.3 cm apart (center to center) was placed on the floor of the cylinder and attached to a scrambled shocker. The cylinder was mounted on a Plexiglas platform inside a cabinet of particleboard covered with Formica (30 ‫ן‬ 30 ‫ן‬ 60 cm, S-R chambers, San Diego Instruments). A 25-W light bulb located in the roof of the cabinet was on at all times, and a fan in the cabinet provided a background noise of 70 dB.
Responsivity to footshock could also be measured in the chambers. Each testing chamber is equipped with a piezoelectric strain gauge that transduces the cage movement generated by shock-elicited jumping, but not spontaneous movement, into a voltage proportional to displacement of the chamber. The voltage is measured every 1 msec throughout the 1-sec footshock. The voltage is fed into a computer, rectified, and given an average score for the entire 1-sec shock that is reflective of the shockinduced movement of the rat.
The same Plexiglas cylinders were used in the predator odor experiment. The cylinders were placed in a fumehood, instead of the Formica/particle-board chambers. The fumehood was used to evacuate a volatile predator odorant and prevent it from spreading into the experimental room. The odorant was presented to the animal by pipetting it onto a piece of Kimwipe that was taped to the inside of each door. In both context conditioning and presentation of the predator odor, the chamber was cleaned with 5% ammonium hydroxide after running each animal. In the predator odorant experiment, residual odor was also allowed to dissipate in the fumehood before another animal was brought into the experimental room and placed in the chamber.
Intracranial Infusions and Scoring of Fear Behavior
An 18-mer antisense-ODN to egr-1, an 18-mer nonsense-ODN or vehicle (PBS, pH 7.4) was infused bilaterally into the amygdala. The ODNs were purchased from Sigma-Genosys. The ODNs were phosphorothiolated on the last nucleotide at each end to protect against nuclease degradation. The sequence of the egr-1 antisense-ODN was 5Ј-GGTAGTTGTCCATGGTGG-3Ј (GenBank accession no. NM 012551, bases 348-365). The nonsense-ODN (5Ј-GTTGGAGTCGGTGGTTCA-3Ј) had the same nucleotide composition as the egr-1 antisense-ODN but was in an order that has no homology to any sequence in the GenBank database as confirmed by a BLAST search. Both of these ODN sequences have been used in other applications (Hebb and Robertson 1997) .
For infusions, the injectors were inserted into the guide cannulae and left in place for 1 min followed by a 5-min infusion (100 nL/min) of 250 or 500 pmole of the antisense-or nonsense-ODN (all dissolved in 500 nL PBS), or 500 nL of PBS. The injectors were left in place for another minute after the infusion and then replaced with the obturator. All training and testing began 90 min after the infusions. This injection-test interval was chosen because peak efficacy for reducing EGR-1 protein levels was previously shown to be between 1 and 2 h after injection (Hebb and Robertson 1997) .
Freezing was used as the measure of fear in all of the experiments and is characterized by cessation of movement except for breathing (Blanchard and Blanchard 1969) . A rat was scored freezing or not once every 10 sec by one or two observers blind to the experimental conditions. A percent freezing score was calcu- Rats were administered PBS (n = 10), 250 (n = 9) or 500 pmole antisense-ODN (n = 12), or 250 (n = 8) or 500 pmole nonsense-ODN (n = 10) 90 min before being placed in the testing chamber. Rats were given a 3-min preshock period to acclimate to the chamber and then received a 1-sec 1.5-mA footshock. Freezing was scored for the next 4 min (postshock period). In the retention test, rats were returned to the test chamber 24 h after conditioning and freezing was scored for 4 min.
The responsivity to footshock was also examined in this experiment. During training, the rat's response to the 1-sec 1.5-mA footshock was determined by chamber movement. As described in the "Apparatus" section, a piezoelectric strain gauge transduced the chamber movement generated by shockelicited jumping into a voltage proportional to the chamber displacement.
Experiment 2: egr-1 Antisense-ODN Administered Before Retention Test
To test for effects of antisense-ODN on freezing during the retention test following normal fear conditioning, rats were first given one-trial contextual fear conditioning as described in Experiment 1 except no infusions were given prior to conditioning. Approximately 22 h after training, PBS (n = 6) or 500 pmole antisense-ODN (n = 8) was injected bilaterally into the amygdala, and 90 min later, retention was tested by returning rats to the testing chamber for 4 min and scoring for freezing.
Experiment 3: egr-1 Antisense-ODN Administered 24 h After Fear Conditioning and Before Retention Test
It is possible that antisense-ODN could have pharmacological effects that last >24 h, and therefore, an injection administered before conditioning may not only have an influence around the time of fear conditioning but could still have a pharmacological effect on a retention test given 24 h after conditioning. To test for this possibility, rats were given contextual fear conditioning, and postshock freezing was scored as described above. Twenty-four hours after conditioning, rats (a time outside the window of egr-1 involvement in long-term memory consolidation) received bilateral injections of either 500 pmole egr-1 antisense-ODN (n = 6) or PBS (n = 6). Twenty-four hours later, the rats were given a retention test and scored for freezing as described above.
Experiment 4: egr-1 Antisense-ODN on Unconditioned Freezing to a Predator Odor
To further test for the effects of the ODNs on freezing behavior, unconditioned freezing to a predator odor was examined. Rats were presented with a predator odor originally isolated from fox feces, TMT(PheroTech). TMT was previously shown to induce unconditioned freezing in rats (Wallace and Rosen 2000, 2001; Fendt et al. 2003) . Rats were given bilateral infusions of 500 pmole egr-1 antisense-ODN (n = 3) or nonsense-ODN (n = 3) into the amygdala. Ninety minutes later, they were placed in the test chambers for a 4-min pre-TMT period. Rats were then exposed to 300 nmole of TMT for 5 min. Chamber doors, each containing 150 nmole of TMT, were inserted at each end of the testing chamber to replace the nonodorous doors. Freezing behavior was scored in both the 4-min pre-TMT and 5-min TMT tests.
Determination of Cannula Placements
Following behavioral testing in Experiments 1, 2, 3, and 4, rats were anesthetized and perfused with PBS followed by formalin. The brains were removed, sectioned, and stained with cresyl violet. Cannula placements were determined by light microscopy and transcribed onto copies of the atlas of Paxinos and Watson (1998) .
Experiment 5: Egr-1 Protein Levels in the Amygdala Following egr-1 Antisense-ODN Administration
To determine if the egr-1 antisense-ODN had the desired effect of reducing Egr-1 protein levels in the amygdala, rats received either 250 (n = 17) or 500 (n = 9) pmole of egr-1 antisense-ODN, or 250 (n = 19) or 500 (n = 6) pmole of nonsense-ODN 90 min before fear conditioning and then sacrificed 30 min after conditioning by decapitation. A 3-mm coronal brain slab containing the amygdala was cut on ice, any ventral hippocampus was retracted, and a 1-mm-diameter punch of each lateral nucleus of the amygdala was removed. The tissue was homogenized in 30 µL of lysis buffer (50 mm Tris-HCl at pH 8.0, 0.15 M NaCl, 1% Triton X-100, 0.25% sodium deoxycholate, protease inhibitor cocktail) and allowed to sit for 1 h on ice (Suneja and Potashner 1998) . Protein concentrations were determined by a Bradford protein assay (Bio-Rad). Seventy-five micrograms of protein from each rat was fractionated by SDS-PAGE and then transferred to a Western blot. Polyclonal rabbit antibodies for Egr-1 (1:500, no. SC-110, Santa Cruz Biotechology), actin (1:2000, no. A2066, Sigma), and a secondary donkey anti-rabbit IgG (1:5000) supplied with the ECL Western Blotting System for chemiluminescence (no. RPN2108, Amersham Biosciences) were used to detect Egr-1 and actin on BioMax chemiluminescent-sensitive film (Kodak). Because the optical density of actin was much greater than Egr-1, chemiluminescence detection performed separately for Egr-1 and actin was used to analyze protein levels. The films were digitized, and optical density of the bands was analyzed with NIH Image (http:// rsb.info.nih.gov/nih-image/). Relative amounts of Egr-1 were calculated by standardizing the levels of Egr-1 protein to actin by dividing the optical density scores of Egr-1 protein by those of actin for each rat. For statistical analysis, a percentage of control score was derived for each rat by dividing each animal's score by the group nonsense-ODN mean and then treating the percentage of control scores to a t test.
